Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 1 1-083396 

(43)Date of publication of application : 26.03.1999 



(51)lnt.CI. 



F42B 10/66 
F02K 9/86 
F42B 15/01 



(21) Application number : 09-249788 

(22) Date of filing : 29.08.1997 



(71) Applicant : KAWASAKI HEAVY IND LTD 

(72) Inventor : NISHIDA YOSHIHIKO 

HARADA TAKESHI 
WATANABE KIYOYUKI 



(54) THRUST CONTROL NOZZLE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thrust control 
nozzle in which a smooth operation and a simple 
structure can be achieved by alternately opening and 
closing two nozzles by one actuator, and in which thrust 
is successively or differentially changed by successively 
or differentially changing the throat areas of the two 
nozzles. 

SOLUTION: In a thrust control nozzle, nozzles 1 and 1' 
are formed with nozzle skirts 3 and 3', and nozzle plugs 
4 and nozzle throats are formed with the inner surfaces 
of the nozzle skirts 3 and 3' and the outer surfaces of the 
nozzle plugs 4. The nozzles 1 and 1' are provided on a 
pair of outer surfaces of a housing 2 to connect the 
respective nozzle plugs 4 to both ends of one shaft 

supported in the housing 2. One actuator 8 is associated with the shaft to slide the shaft right 
and left and successively and differentially vary the areas of the respective nozzle throats. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thrust control nozzle which comes to coordinate the actuator of the piece which a nozzle 
throat is constituted from a nozzle skirt-board inside and nozzle plug external surface while constituting 
a nozzle from a nozzle skirt board and a nozzle plug, and it combines with the both ends of one shaft 
which prepared this nozzle in Uichi Hidari pair housing external surface, and supported each nozzle plug 
in housing, and this shaft is slid on a shaft right and left, and carries out adjustable [ of the area of each 
nozzle throat ] continuously and in differential. 

[Claim 2] The thrust control nozzle according to claim 1 to which an actuator is characterized by being a 
servo motor. 

[Claim 3] The thrust control nozzle according to claim 1 or 2 characterized by consisting of a link where 
the coordinated device of an actuator over a shaft was equipped with a means to change rotation of an 
actuator into direct-acting, the end was combined in the middle of a shaft rotatable, and the middle was 
supported pivotably by housing. 

[Claim 4] It is the thrust control nozzle according to claim 1 to 3 characterized by the configuration of a 
nozzle skirt board and a nozzle plug being made by the configuration applicable to a divergent nozzle 
and plug-nozzle both among nozzle throats. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thrust control nozzle to which the driving force of 

an airframe can be changed continuously and in differential. 

[0002] 

[Description of the Prior Art] Conventionally, as a control unit of the airframe in the thin high altitude of 
air, without using aerodynamic force, an elevated temperature and high-pressure gas are made to blow 
off from the nozzle of an airframe periphery, and the equipment which controls five shafts of an 
airframe is known. 

[0003] The mechanism of fundamental thrust control of this control unit is performed by stopping a gas 
stream with the nozzle plug 32 of a piece, or opening it wide in the upstream of the throat 31 of a nozzle 
30, as shown in drawing 12 and 13. Therefore, PWM actuation is adopted, in order to need the excessive 
force for the actuator of a piece being required and blockading a nozzle 30 on structure and to secure a 
fast response moreover to the nozzle 30 of a piece. This [ the control unit's ] was large to the sake, 
became heavy, and is complicated the top. 

[0004] It is difficult for the above-mentioned control unit to make it change in differential in changing 
the area of the throat 31 of a nozzle 30 continuously in actuation of the nozzle plug 32, and it is still 
more difficult the control unit to change driving force continuously and in differential. 
[0005] 

[Problem(s) to be Solved by the Invention] Then, it tends to offer the thrust control nozzle to which 
change the throat area of two nozzles continuously or in differential, and it enabled it to change driving 
force continuously or in differential while it attains the smoothness of actuation, and simplification of 
structure, as this invention can open and close two nozzles with the actuator of a piece alternately. 
[0006] 

[Means for Solving the Problem] The thrust control nozzle of this invention for solving the above- 
mentioned technical problem While constituting a nozzle from a nozzle skirt board and a nozzle plug, a 
nozzle throat is constituted from a nozzle skirt-board inside and nozzle plug external surface. It 
combines with the both ends of one shaft which prepared this nozzle in Uichi Hidari pair housing 
external surface, and supported each nozzle plug in housing. It comes to coordinate the actuator of the 
piece which this shaft is slid at a shaft on right and left, and carries out adjustable [ of the area of each 
nozzle throat ] to it continuously and in differential. 

[0007] As for said actuator, it is desirable that it is a servo motor. As for the coordinated device of an 
actuator over the aforementioned shaft, what consists of a link where it had a means to change rotation 
of an actuator into direct-acting, the end was combined in the middle of a shaft rotatable, and the middle 
was supported pivotably by housing is desirable. As for the configuration of a nozzle skirt board and a 
nozzle plug, it is desirable among the aforementioned nozzle throats to be made by the configuration 
applicable to a divergent nozzle and plug-nozzle both. 

[0008] Since the thrust control nozzle of this invention is constituted as mentioned above, two nozzles 
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can be alternately opened and closed with the actuator of a piece, and actuation becomes smooth, and 
structure simplifies it. Moreover, driving force can be changed continuously and in differential by 
changing the throat area of two nozzles continuously or in differential by the drive of the actuator of a 
piece. Therefore, it becomes controllable [ a total of six shafts of movement / of six degrees of freedom 
of a platform /, i.e., rotation, 3 shaft, and advancing-side-by-side 3 shaft ] by attaching the thrust control 
nozzle of this invention to the symmetry at the sixth page of a six-piece [ a maximum of] platform. 
[0009] 

[Embodiment of the Invention] When drawing explains one example of the thrust control nozzle of this 
invention, it is the nozzle of the pair which prepared 1 and T in the right-and-left both-sides external 
surface of housing 2 in drawing 1 and drawing 2 . This nozzle 1, the nozzle skirt board 3 formed in the 
right-and-left both-sides external surface of housing 2 at one as V was shown in drawin g 2 , and 3\ 
Consisting of the nozzle plugs 4 and 4* which were allotted to the core, the nozzle throat 5 and 5 ! consist 
of an inside of the nozzle skirt board 3 and 3', and external surface of the nozzle plug 4 and 4*. The 
nozzle 1 of a Uichi Hidari pair, the nozzle plug 4 of 1', and 4' are combined with the both ends of one 
shaft 6 supported possible [ sliding in housing 2 ]. The servo motor 8 is coordinated with this shaft 6 as 
an actuator by the coordinated device 7. A servo motor 8 is supported by the carrier implement 9 of the 
outside of housing 2, and the coordinated device 7 of a servo motor 8 over a shaft 6 The screw shaft 13 
supported by the carrier implement 9 of the outside of housing 2 in parallel with said shaft 6 so that the 
ball nut 12 which carried out attachment immobilization of the gearing 10 prepared in the output shaft of 
a servo motor 8 and the gearing 1 1 which meshes with this gearing 10 might be moved to right and left 
in preparation for an end, It consists of a link 18 which both ends were combined in the middle of this 
screw shaft 13, and the middle of said shaft 6 rotatable at joint 14 and 15, and was supported pivotable 
by the pin 17 by the bearing section 16 of rim middle of said housing 2. The nozzle 1 of a Uichi Hidari 
pair and the gas input 19 which passes to V are established in the transverse-plane both ends of housing 
2, and the attaching member 20 is formed in the tooth back at one. In addition, 21 is the position 
transducer which detects the nozzle 1 on either side, the nozzle plug 4 of 1', and the location of 4\ and is 
coordinated with the screw shaft 13. The coordinated device 7 of a servo motor 8 over the above- 
mentioned shaft 6 is good also as a configuration which formed the gearing 10 in the output shaft of a 
servo motor 8 which changed the sense 90 degrees and was established as shown in drawing 3 and 4, 
and engaged and rebuked this gearing 10 to sector-gear 18' formed in the upper part of a link 18. In this 
case, a position transducer 21 is coordinated with sector-gear 18*. 

[0010] It connects with the control circuit 23 which operates with a command signal as this thrust 
control nozzle 22 is very shown in drawing 5 , it is made as [ drive / by actuation of a control circuit 23 / 
a servo motor 8 ], and the location of the nozzle plug 4 and 4' moved by the drive of a servo motor 8 is 
detected as it is also at the movement magnitude of a screw shaft 13 with a position transducer 21, and it 
is made as [ send / to a control circuit 23 / the detecting signal ]. 

[001 1] If the command signal which makes right-hand side nozzle l 1 generate a thrust goes into the 
control circuit 23 of drawing 5 , thrust control NORUZU 22 of the above-mentioned example A servo 
motor 8 drives and the gearing 10 prepared in the output shaft of the servo motor 8 of drawing 1 rotates. 
As the gearing 1 1 which meshes with this gearing 10 rotates and it is shown in drawing 6 , a screw shaft 
13 moves to left-hand side. A link 18 rotates counterclockwise centering on a pin 17 by this, and the 
nozzle plug 4 and the shaft 6 of 4' slide on right-hand side. While the left end nozzle plug 4 contacts the 
inside of the nozzle skirt board 3 and the left-hand side nozzle 1 is closed, right end nozzle plug 4 f 
separates from the inside of nozzle skirt-board 3', right-hand side nozzle l 1 is opened, gas jets from here, 
and the thrust of an arrow head arises in the left lateral. And the location of the nozzle plug 4 and 4' is 
detected by the position transducer 21 shown in drawing 5 , the detecting signal is sent to a control 
circuit 23, and the drive of a servo motor 8 is made to stop. Next, if the command signal which the 
nozzle 1 of right-and-left both sides is generated in the control circuit 23 of drawin g 5 , and makes r 
generate a thrust enters A servo motor 8 drives conversely and the gearing 10 prepared in the output 
shaft of the servo motor 8 of drawing 1 does inverse rotation. As the gearing 1 1 which meshes with this 
gearing 10 does inverse rotation to the above and shows drawin g 7 , a screw shaft 13 moves only a fixed 
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dimension to right-hand side. By this, a link 18 rotates clockwise centering on a pin 17, and becomes 
perpendicular. The nozzle plug 4 and the shaft 6 of 4' carry out constant-rate sliding on left-hand side, 
the left end nozzle plug 4 separates from the inside of the nozzle skirt board 3, and the nozzle 1 of right- 
and-left both sides and 1' become a half-difference equally, and gas injects from here, the thrust of an 
arrow head arises in the direction of right-and-left both sides, and it will be in a neutral condition. And 
the location of the nozzle plug 4 and 4' is detected by the position transducer 21 shown in drawing 5 , 
the detecting signal is sent to a control circuit 23, and the drive of a servo motor 8 is made to stop. 
Subsequently, if the command signal which makes the left-hand side nozzle 1 generate a thrust goes into 
the control circuit 23 of drawing 5 A servo motor 8 drives still more conversely and the gearing 10 
prepared in the output shaft of the servo motor 8 of drawing 1 does inverse rotation. As the gearing 1 1 
which meshes with this gearing 10 also does inverse rotation and shows drawing 8 , a screw shaft 13 
moves only a fixed dimension to right-hand side. A link 18 rotates clockwise centering on a pin 17 by 
this, and the nozzle plug 4 and the shaft 6 of 4' slide on left-hand side. While right end nozzle plug 4' 
contacts the inside of nozzle skirt-board 3' and right-hand side nozzle V is closed, the left end nozzle 
plug 4 separates from the inside of the nozzle skirt board 3, the left-hand side nozzle 1 is opened, gas 
jets from here, and the thrust of an arrow head arises in the direction of right-hand side. And the location 
of the nozzle plug 4 and 4' is detected by the position transducer 21 shown in drawing 5 , the detecting 
signal is sent to a control circuit 23, and the drive of a servo motor 8 is made to stop. 
[0012] Although the above-mentioned example is the case where the thrust of the nozzle 1 with the 
configuration of a divergent nozzle and 1' is changed in differential, drive control of the servo motor 8 
may be carried out continuously, and the thrust of a nozzle 1 and 1' may be changed continuously. The 
nozzle 1 which has the configuration of a plug nozzle as shown in drawin g 9 with a natural thing, and r 
may be used. 

[0013] Since the thrust control nozzle 22 of the example shown in drawing 1 and drawing 2 as 
mentioned above can perform alternately closing motion of two nozzles 1 and V with the servo motor 8 
of a piece, actuation becomes smooth and structure simplifies it. Moreover, since two nozzles 1, the 
nozzle throat 5 of 1', and the area of 5' can be changed continuously and in differential by the drive of 
the servo motor 8 of apiece, the jet of two nozzles 1 and the gas from V can be changed continuously 
and in differential, and driving force can be changed continuously and in differential. 
[0014] Therefore, the kinematic control of a total of six shafts of advancing side by side in alignment 
with movement of six degrees of freedom of a platform 25, i.e., X and Y, the rotations p, q, r, X, and Y 
in Z3 shaft, and Z3 shaft is possible by attaching the promotion control nozzle 22 to the symmetry at the 
sixth page of a platform 25, as shown in the schematic diagram of drawing 10 . 
[0015] NzXl and NzX2. attachment spacing are set to Lz for the nozzle of thrust control of X shaft 
orientations among drawing 10 . If NzYl and NzY2. attachment spacing are set to Lx for the thrust 
control nozzle of Y shaft orientations and the thrust control nozzle of Z shaft orientations is made into 
NzZl and the NzZ2. attachment spacing Ly Force of X shaft orientations : F becomes FX =1/2 
[NzXl+NzX2]. Torque of X shaft orientations : T is set to Tp =1/2[NzZ1-NzZ2] xLy. Force of Y shaft 
orientations : F becomes FY =1/2[NzY1+NzY2]. Torque of Y shaft orientations: T is set to Tq =1/2 
[NzXl-NzX2] xLz, and FZ =l/2[NzZl+NzZ2] and torque:T of Z shaft orientations are set to Tr =1/2 
[NzYl-NzY2] xLx by force:F of Z shaft orientations. The control-system block diagram of the 6 shaft 
kinematic control of a platform 25 is shown in drawing 1 1 . Each thrust control nozzles NzXl, NzX2, 
NzYl, NzY2, NzZl, and NzZ2 are controlled when a command signal goes into each control circuit. 
[0016] 

[Effect of the Invention] Since two nozzles can be alternately opened and closed with the actuator of a 
piece, actuation becomes smooth, and structure simplifies, and while the thrust control nozzle of this 
invention can attain small lightweight-ization, it becomes easy to loading design it to an airframe, so that 
it may understand by the above explanation. Moreover, driving force can be changed continuously and 
in differential by changing the throat area of two nozzles continuously and in differential by the drive of 
the actuator of a piece. Therefore, it becomes controllable [ a total of six shafts of movement / of six 
degrees of freedom of a platform /, i.e., rotation, 3 shaft, and advancing-side-by-side 3 shaft ] by 
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attaching a maximum of six pieces for the thrust control nozzle of this invention to the symmetry at the 
sixth page of a platform. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view showing one example of the thrust control nozzle of this 
invention. 

[Drawing 21 It is A-A line drawing of longitudinal section of drawing 1 . 

[Drawing 3] It is the perspective view showing other examples of the thrust control nozzle of this 
invention. 

[Drawing 4] It is the B-B line cross-section view Fig. of drawing 3 . 

[Drawing 5] It is drawing showing the control system of the thrust control nozzle of drawing 1 . 
[Drawing 61 It is drawing showing the condition that the nozzle of the left-hand side in the thrust control 
nozzle of drawing 2 closed, and the right-hand side nozzle opened. 

[Drawing 71 The nozzle of the right-and-left both sides in the thrust control nozzle of drawing 2 is 
drawing showing the neutral condition of a half-aperture. 

[Drawing 81 It is drawing showing the condition that the nozzle of the left-hand side in the thrust control 
nozzle of drawing 2 opened, and the right-hand side nozzle closed. 

[Drawing 91 It is the sectional view showing a nozzle with the configuration of a plug nozzle. 

[Drawing 101 It is the schematic diagram which attached the thrust control nozzle of this invention to the 

symmetry at the sixth page of a platform. 

[Drawing 1 1] It is the control-system block diagram of six thrust control nozzles attached to the platform 
of drawing 10 . 

[Drawing 121 It is drawing of longitudinal section showing the conventional thrust control unit. 
[Drawing 13] It is the C-C line cross-section view Fig. of drawing 12 . 
[Description of Notations] 

1 r Nozzle 

2 Housing 

3 3' Nozzle skirt board 

4 4 f Nozzle plug 

5 5 f Nozzle throat 

6 Shaft 

7 Coordinated Device 

8 Servo Motor (Actuator) 
10 11 Gearing 

13 Screw Shaft 

14 15 Joint 

17 Pin 

18 Link 

1 8 1 Sector gear 
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[Drawing 71 
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[Drawing 121 




[Drawing 13] 
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-^-^8<D»SI«S«7{i, 9— ^*-^8C0ttl73tt 

tcistT?,nfc©*i ot. ccommi oicm-&-?z>mm 

l 1 *K«HffiLfc#— h l 2 *— *Bte«A'fe& 
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C0^iJOS*9{C^:«fSn/tX^Urt-*fil 3t, CCD 
X ? 'J a. -tl& 1 3 CD * Pal ftute f 7 h 6 © * PtStC MS 
A^>* 3 h 14, 15 fcT@»W6!t;:3S#£ni!5fe^ 
•>^>^2con^P^cottfca5i eictf^i 7 fCTEHS 
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YW73|pJ€)7J : FfiFv =1/2 (NzYl+N 



(4) 



#P*W 1 1 -8 3 3 9 6 



zY2) Ytt#|q|<&h;I/* : T«T q = 1/2 

[NzXl-NzX2] xLzh^;^ Zffl^fn]^ : 
FteFz =1/2 (NzZl+Nz22) , Z$ft7?f«J£) 
h/I/* : TliTr =1/2 (NzYl-NzY2) XL 
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